Most invasive meningococcal disease in Canada is now caused by serogroup B organisms. A vaccine directed against this serogroup (4CMenB) is newly licensed in Canada. A decision will need to be made by all provinces and territories regarding whether a routine infant immunization program is warranted. This decision will need to take into ac count factors such as uncertain estimates for the effectiveness of the vaccine, the high incidence of fever from the vaccine and the burden of introduc ing more injections into the current immunization schedule, and consider them against the potentially preventable mortality and morbidity that result from a rare but very serious disease.
(MenB) is now the most prevalent serogroup in Cana da, accounting for >50% of cases between 2002 and 2011 (see Figure 2 at www.phac-aspc.gc.ca/im/vpdmev/meningococcal-eng.php). [1] The majority of cases occur in preschool-age children (Table 1) . [2] A fourcomponent vaccine for MenB (4CMenB or Bexsero, Novartis, Canada) was licensed in Canada in Decem ber 2013. Provinces and territories, clinicians and par ents will need to determine when immunization is war ranted.
The following evidence should be considered to deter mine if and when immunization is warranted.What is the predicted effectiveness of 4CMenB?
There have been clinical studies conducted with 4CMenB administered at: two, four and six months of age [3] [4] ; two, three and four months of age [3] ; 12 to 15 months of age (two doses two months apart) [5] ; and 11 to 17 years of age (one to three doses). [6] Because MenB infection is rare, studies cannot provide efficacy data. It would require years of surveillance in a large population with routine immunization to establish vac cine effectiveness. Therefore, decisions to vaccinate must depend on evidence from correlates of protection (ie, immune markers that correlate with protection).
Unfortunately, correlates of protection are yet to be es tablished for MenB. Unlike other meningococcal serogroups, group B does not elicit a response to the polysaccharide capsule. The capsule of MenB strains cross-reacts with human fetal neural tissue. This cross-reaction is not known to be harmful, but it ren ders the capsule nonimmunogenic. The MenB vaccine was developed by identifying subcapsular proteins ex pressed on the surface of many strains of meningococ cus that could elicit an immune response. The four components thus identified and combined with alum as an adjuvant in 4CMenB include: neisserial heparinbinding antigen (NHBA), factor H-binding protein (fHbp), neisserial adhesion A (NadA) and PorA (the most immunogenic protein from the outer membrane vesicles). A vaccine containing only PorA successfully controlled an outbreak of IMD in New Zealand; howev er, there are too many antigenic variants of PorA to al low for a universal vaccine based on this protein alone. [7] Using test strains that contained only one of the four vaccine components, the studies previously mentioned assessed the immunological response postimmuniza tion to fHbp, NadA and PorA by determining the serum bactericidal titre using human complement (hSBA) to that component. [3] [6] An hSBA titre of at least 1:4 to the polysaccharide capsule is an established correlate of protection for other meningococcal vaccines; therefore, this titre was applied. Following the 4CMenB series, al most all patients in all studies had protective hSBA titres to fHbp and NadA. Almost all adolescents [6] and approximately 85% of infants [3] [4] had protective titres to PorA. Only 100 infants had hSBA titres measured for NHBA because it has been more difficult to develop this assay, but 84% developed protective titres. [4] With doses at two, four and six months of age, protective titres were maintained to fHbp in 81% of children, Na dA in 99%, PorA in 22% and NHBA in 61% at 12 months of age; a booster then yielded titres similar to those following the six-month dose for all four compo nents. [4] When measured approximately two years af ter this fourth dose, protective titres were maintained to fHbp in 65% of children, NadA in 76%, PorA in 41% and NHBA in 67%. [8] Decreases in antibody titres for vaccines given concomitantly were shown for pertactin (contained in some pertussis vaccines), [3] pneumococ cus serotype 6B [3] and type 2 polio, [4] but these de creases were not believed to be clinically significant.
Strains of MenB do not all express components of 4CMenB. To predict whether 4CMenB will protect against a given strain, a Meningococcal Antigen Typ ing System (MATS) has been developed. MATS at tempts to determine, using enzyme-linked immunoab sorbent assay (ELISA), whether the concentration of fHbp, NadA and NHBA in strains of MenB are sufficient that the immune response following 4CMenB would be predicted to protect against that strain. For PorA, MATS simply measures the presence or absence of the matching variant of PorA because this protein is highly immunogenic. [7] MATS testing of 157 Canadian IMD strains in 2006 through 2009 predicted that 66% of strains (95% CI 46 to 78) would be covered by 4CMenB (26% matched one, 29% matched two and 11% matched three antigens). [9] It will only be possible to prove the predictive value of MATS testing when it becomes evident which strains of MenB cause IMD in vaccinated children.
All four components of 4CMenB vaccine may be present in non-B serogroups; it is, therefore, possible that effectiveness could extend beyond MenB. [4] 4CMenB could also be more effective than predicted if there is a significant herd effect, as appears to be likely for conjugate meningococcal A and C vaccines. [10] [11] A decrease in carriage rates would predict a herd effect, but there was only a 16.5% (95% CI 1.5 to 29.2) de cline in carriage rates when university students were immunized in England. [12] In summary, estimates of effectiveness are still very tentative.
What are potential barriers to using 4CMenB?
Number of required doses
The bulk of MenB disease occurs in young children, with approximately 70% of cases in the first year of life occurring in infants younger than six months of age. [2] [13] Vaccine administration at two, four and six months of age may not confer significant protection until six months of age, although again, herd effect may protect younger infants.
There are no data regarding the persistence of vac cine-induced immunity. For most infections, a brisk anamnestic response following exposure often confers protection in individuals with waning antibody titres. However, IMD progresses so rapidly that there may not be time for an anamnestic response to occur. Thus, for protection, individuals may need a constant high level of circulating antibody. It is, therefore, likely that boosters would be required to protect throughout childhood.
Adverse events
Fever is the only clinically significant adverse event recognized to date with 4CMenB. When combined with routine vaccines, a rectal temperature >38.5°C oc curred within 6 h postimmunization in 65% of infants at two, four or six months of age, compared with 32% re ceiving routine vaccines alone. [4] This fever persisted for >24 h in approximately two-thirds of cases. Fever is of particular concern at two months of age because a septic work-up and admission for empirical intravenous antibiotics are commonly advised in this age group for fever with no definite source. Another study involving infants reported outcomes according to age group: 563 of 941 infants (59%) who received 4CMenB and rou tine vaccines at two months of age had an axillary tem perature of 38.0°C, versus 96 of 311 (31%) who re ceived routine vaccines alone and 238 of 627 (38%) who received 4CMenB alone. [3] In an open-label study in which parents were presumably advised to expect fever, only 28 of 1966 infants M1.4%) who received 4CMenB plus routine vaccines were brought to med ical attention because of fever, compared with 12 of 659 (1.8%) in the routine vaccine group. [4] It is unclear whether assuming that a fever that persists beyond 24 h is vaccine related and benign at two months of age is a safe policy. Antipyretics have been shown to blunt the height of the fever without dampening the immune response to 4CMenB, [14] but the concern remains that medication could mask fever from a coincidental inva sive bacterial infection.
Is the burden of disease from MenB sufficiently high to justify a vaccine?
Data were collected for 2002 through 2011 from 12 paediatric tertiary care centres by the Canadian Immu nization Monitoring Program, Active (IMPACT), yield ing a mortality rate of three of 80 cases (3.8%) in in fants younger than one year of age, and nine of 198 cases (4.5%) in children and adolescents one through 19 years of age. Intensive care admission occurred for 169 of 278 cases (61.0%). [2] Sequelae at discharge are presented in Table 1 . In 2000 through 2010, the mortality rate for MenB in Ontario was seven of 52 cases (13.5%) in infants younger than one year of age and four of 85 cases (4.7%) in children and adoles cents one through 19 years of age. [13] A case-control study investigating 245 of 618 paediatric survivors of Men B in England a median 3.75 years following IMD showed that 21 of 244 cases (9%) and six of 328 con trols (2%) had major deficits: full-scale IQ <70, seizures, bilateral sensorineural hearing loss of 40 dB or more, disabling motor impairment, significant visual loss or major communication disability (P<0.05). Any deficit (the major deficits listed above plus full-scale IQ 70 to 85, minor or unilateral sensorineural hearing loss, single-digit amputation, minor communication deficit or psychological disorders) occurred in 87 of 244 cases (36%) and 49 of 328 controls (15%) (P<0.05). [15] Extrapolating from data in the Ontario study cited above, if 4CMenB prevents 70% of IMD in children younger than 12 months of age, practitioners would have to vaccinate more than 38,000 children to pre vent one case. However, if three doses administered at two, four and six months of age are required for pro tection, infants younger than six months of age will re main unprotected; therefore, this number increases to more than 141,000 [13] (and approximately 10 to 20 times that number to prevent one death). The number needed to vaccinate will be lower than these estimates if the vaccine yields a herd effect or covers some non-B strains, or if there are a significant number of culturenegative cases not detected by surveillance. [7] The number will be higher if there is emergence of clones that are not well matched with vaccine strains. [16] Who should receive the vaccine?
The highest risk for IMD occurs in patients with asple nia or hyposplenism, congenital complement, prop erdin, factor D or primary antibody deficiencies, in indi viduals prescribed the terminal complement inhibitor eculizumab (Soliris, Alexion Pharma Canada, Canada) or who have had more than one episode of IMD, and in laboratory personnel who work with the organism. All high-risk individuals should be offered 4CMenB as soon as possible, with the exception of children on eculizumab. Hemolysis can be worsened by the com bination of 4CMenB and eculizumab if the underlying haemolytic condition is not yet under control. 4CMenB should be given either: more than 2 weeks prior to the first dose of eculizumab; or within one week posteculizumab once the underlying condition is under control (http://healthycanadians.gc.ca/recall-alert-rap pel-avis/hc-sc/2016/60752a-eng.php). It is not clear whether military personnel and individuals with HIV should be routinely offered the vaccine.
A recommendation from the National Advisory Com mittee on Immunization (NACI) regarding optimal use is pending. If routine use is recommended, physicians should mention the new vaccine to parents of children in the most vulnerable age group at well-child visits, even if it is not publicly funded. [17] 
Conclusion
An effective vaccine for serogroup B could prevent the majority of IMD in Canada, but it will take years to de termine the efficacy of 4CMenB. Now that 4CMenB is licensed in Canada, it should be offered to individuals at highest risk of IMD. Pending the NACI decision on routine use of 4CMenB, it is hoped that this document will be useful to clinicians when faced with questions from parents. If routine use is recommended by NACI, clinicians are obligated to discuss the vaccine with the parents of children in the age group targeted for rou tine use at each well child visit. 
